, although the literature contains considerably more names and descriptions than this and variable estimates for the total number of species. Recorded hybrids between these would appear to be both common and widespread. The earliest record of a hybrid oak in America was the description of x Q hispanica by Michaux in 1812 (Palmer, 1948) . In Europe, there are many similar early records (see Gardiner, 1974) . The apparent abundance of hybrids in certain areas has caused taxonomic confusion (and "complete frustration"; Tucker, 1961) in the past and, in certain floras, has undoubtedly led to misidentification.
Population studies have indicated that the pattern of hybridization may follow 2 distinct paths: 1) the population shows evidence of hybrid swarm formation, where the majority of the population appears completely intermediate between the 2 suspected parental species; or 2) the population shows evidence of introgression (Anderson, 1953) , where the population consists of one species and a series of F 1 and backcrossed hybrids. Wigston (1974) has reviewed the essential characteristics of introgression and how they apply to Quercus. This paper reviews the evidence which has been utilized in the detection of hybrids and provides an evaluation, so far as current knowledge allows, of the different types of evidence. (Phipps, 1984 Stace (1980) and Crawford (1985) and build on those already established in the earlier part of this century (see Stace, 1975 (Cousens, 1963 (Cousens, , 1965 (Rushton, 1978 (Rushton, , 1983 Dupouey and Le Bouler, 1989; Jensen, 1989, etc), discriminant function analysis (Ledig et al, 1969; Rushton, 1974; Wigston, 1975; Jensen et al, 1984) and cluster analysis (Rushton, 1978; Jensen, 1988 fig 1; and Rushton, 1978) .
In some oak taxa, different groups of researchers have come to substantially different conclusions regarding the levels of hybridity using morphological data. This is particularly true of the 2 wide-ranging, common European species, Q robur and Q petraea (see below) and prompted Gardiner (1970) Consideration of the use of morphological data to detect oak hybrids would indicate: 1) that considerably more attention be paid to within-tree variation and possibly between-season variation: and 2) that attempts should be made to standardize Surveys of Q robur and Q petraea in England and Wales (see fig 2; and Rushton, 1978) and in Northern Ireland (Rushton, 1988) have shown that morphological intermediacy is accompanied by a tendency for reduced pollen viability and Olsson (1975a) has provided similar results for the same species. However, close examination of assumed F 1 hybrids indicated that they had an "unexpectedly high percentage of pollen stainability" (Olsson, 1975a) , similar to that recorded in some intermediate trees observed by Rushton (1978) and Minihan and Rushton (1984) Anderson (1948) . He argued that the F 1 hybrid should be uniform in its habitat requirements and that these are likely to be intermediate between those of the 2 parental species (the 'hybrid habitat'). For example, edaphic restriction of hybridization is seen in Q harvardii, which is restricted to deep, coarse sands, and Q mohriana, which occurs on exposed limestone.
Where erosion creates a mixture of sand and limestone fragments, hybrids are common (Muller, 1952) . In other species, it may be climate which restricts hybridization, as is the case of Q harvardii and Q stellata (Muller, 1952) . Tucker (1961) showed that Q turbinella and Q gambelii are ecologically separated, the former living in semi-arid areas compared to the more mesic habitats at higher altitude of the latter, but where they are sympatric, in certain forest types, they hybridize. Neilson and Wullstein (1985) reported that the differential drought response of the 2 species is primarily due to anatomical/morphological leaf differences but, unfortunately, no hybrids were studied. Rushton (1979) Disturbance may also be a factor in promoting hybridization. For example, Silliman and Leisner (1958) showed that a mixed population of Q alba and Q montana on a stable, undisturbed site had no hybrids, whilst hybrids were common on a site subject to successive disturbance by fire and forestry.
In an F 2 generation, segregation and recombination would suggest that the individuals should be more heterogeneous in their habitat requirements compared to either the F 1 generation or the original parental species. Conversely, backcrossed F 2 trees might be expected to show habitat preferences similar to those of the backcrossed parental species (Grant, 1971; Rushton, 1979) . Benson et al (1967) have provided a clear example of such ecological segregation, though the method of data collection may be suspect. Hybrid populations between Q douglassii and Q turbinella subsp californica were examined and the composition of each population related to the degree of site exposure; on southwest facing slopes, the populations were more like Q turbinella subsp californica, while Q douglasii-like populations were more prominent on north-east facing slopes. Thus selection among the F 2 generation for different recombinant types had occurred as a result of exposure differences. Evolutionary sorting in this instance must be very rapid (Benson et al, 1967) .
Consequently, the successful outcome of a hybridization event in Quercus depends crucially upon the habitat conditions, and the level of hybridity reported under field conditions may be a reflection more of the habitat restriction on establishment than other factors.
ARTIFICIAL HYBRIDIZATION
There have been 2 major research programmes aimed at producing artificial hybrids, one led by Piatnitsky, started in 1937 in Russia, and the other reported by Cottam et al (1982) . The work of Piatnitsky was summarized in Piatnitsky (1960) . In all, over 200 000 pollinations were made representing 47 different interspecific crosses, and 24 of these from 9 species were considered successful (it should be noted, however, that Q fastigiata was considered a separate species rather than a variety of Q robur). Many of the successful crosses were between species in the sub- (1982) for another programme (Schreiner, 1962) show an almost complete absence of success (table I) , resulting, according to Cottam et al (1982) , from a different pollination method that may have "overpollinated" the stigmas.
In addition to these 2 major research programmes, there are numerous reports of more limited crossing experiments (eg, Dengler, 1941; Gegel'skii, 1975; Rushton, 1977 Rushton, 1977;  Ostrolucka, personal communication); whilst it has been possible to produce numerous artificial hybrids, the actual percentage of success rates is usually extremely low.
CONCLUSION
The extensive occurrence of hybrids within the genus is now well documented; Hardin (1975) Burger (1975) , to question the traditional species concept within Quercus and for some to suggest alternatives, such as the multispecies (Van Valen, 1976 ), a concept very like that of the syngameon (Grant, 1971 
